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A B S T R A C T   

The world has been suffering from COVID-19 disease for more than a year, and it still has a high mortality rate. In 
addition to the need to minimize transmission of the virus through non-pharmacological measures such as the 
use of masks and social distance, many efforts are being made to develop a variety of vaccines to prevent the 
disease worldwide. So far, several vaccines have reached the final stages of safety and efficacy in various phases 
of clinical trials, and some, such as Moderna/NIAID and BioNTech/Pfizer, have reported very high safety and 
protection. The important point is that comparing different vaccines is not easy because there is no set standard 
for measuring neutralization. In this study, we have reviewed the common platforms of COVID-19 vaccines and 
tried to present the latest reports on the effectiveness of these vaccines.   

1. Introduction 

Discovery of several cases of pneumonia in late 2019 in Wuhan, 
China, was the beginning of a major global catastrophe and a wide
spread pandemic [1]. On February 11 of the following year, the cause of 
this pandemic, which was a novel coronavirus, was named by the in
ternational virus classification commission as severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2), and the resulting disease was 
named by the World Health Organization (WHO) as Coronavirus Disease 
2019 (COVID-19) [2,3]. Coronaviruses are a great family of viruses that 
cause various diseases in animals and humans. Seven viruses of the 
genus Alpha and beta coronavirus can cause disease in humans. Among 
these, three viruses that cause Middle East Respiratory Syndrome 
(MERS-CoV), Severe Acute Respiratory Syndrome (SARS-CoV), and 
SARS-CoV-2 are the most common coronavirus-related deaths in the 
world [4,5]. COVID-19 disease has a wide range of clinical 

manifestations, from asymptomatic, mild symptoms to acute respiratory 
distress syndrome (ARDS) and death [6–8]. Mortality rate of this disease 
was reported to be 1–3%, and this rate was higher in elderly patients, 
especially in men [9]. It was also found that the mortality rate varies in 
different geographical areas, which may be due to different immune 
responses in people in different regions [10,11]. SARS and MERS were 
also found to have higher mortality rates in parts of the United States 
and Europe than in Southeast Asian countries [12]. So far, no definitive 
and completely treatment is available to treat this disease, and most of 
the treatment strategies used in the world are to reduce the symptoms of 
the disease and prevent the progression of the disease in the infected 
person [13]. One way to design effective drugs is to understand the virus 
cycle and its pathogenicity, which helps scientists achieve a specific 
drug [14]. 

Still, using a mask and observing the social season and washing your 
hands are the most common ways to prevent getting the virus. One way 
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to prevent and control the disease was to use herd immunity, which is 
possible by obtaining natural immunity through infection, but experi
ence has shown that the consequences of this method can be devastating 
[6]. In Sweden, where officials thought that by infecting 60% of the 
population, they could create a herd safety to protect the people of their 
country, this failed, and the death rate per million of the population 
infected with COVID-19 was at least 5 times higher than in Germany 
[15]. So, production of effective vaccines for providing long-term im
munity is considered as the only principled way to create herd immu
nity. In this regard, many companies in different countries have made 
great progress in making new vaccines. The use of new methods and 
advanced technologies to produce a variety of vaccines, including RNA, 
DNA, virus-like particles, and subunit vaccines, has been widely tested 
[16]. In addition, in order to produce a safe and effective vaccine, it is 
critical to perform pre-clinical and clinical trials to thoroughly investi
gate and determine any side effects of these vaccines [17]. The purpose 
of this study is to review the different types of vaccines that are currently 
being produced and tested around the world, as well as the mechanism 
of action of these vaccines and the extent of progress and efficacy and 
safety of these vaccines. 

2. Specific features of coronavirus for vaccine development 

SARS-CoV-2 is a spherical and positive-sense single-stranded RNA 
virus with a helical nucleocapsid. Size of SARS-CoV-2 genome is 30 kb. 
One third of this genome is responsible for encoding the structural 
proteins of the virus, and the rest of the genome shows expression and 
replication [18]. Structure of this virus consists of membrane glyco
proteins (M), spike proteins (S), hemagglutinin ester dimer proteins 
(HE), nucleocapsid proteins (N), and envelope proteins (E). The major 
coat glycoprotein expressed at the virus surface (S-protein) is the main 
target of vaccines [19]. S-protein consists of two subunits: S1 subunit is 
responsible for binding to the receptor and S2 subunit is responsible for 
fusion with the cell membrane [20]. The main receptor for SARS-CoV-2 
entry into human cells is angiotensin-converting enzyme 2 (ACE2) 
identified by S-protein [21]. ACE2, an attached carboxypeptidase to the 
plasma membrane of kidney, intestines, testis, heart, lung and gall
bladder cells, is consisting of a 17-amino-acid signal peptide at the 
amino terminal, a single metalloproteinase active site containing a zinc 
ion binding motif, a transmembrane domain, and a 22-amino acid small 
cytoplasmic domain at the carboxyl terminus [22]. The main activity of 
ACE2 is to lower blood pressure by converting angiotensin II to angio
tensin I-VII [23,24]. It has also been shown that the epithelial expression 
of ACE2 in the small intestine and lung provides a pathway for SARS- 
CoV entry [25]. During SARS-CoV-2 outbreak, high expression of 
ACE2 was detected in type II alveolar cells of lung [26–28]. The binding 
affinity of ACE2 and SARS-CoV-2 is approximately 10- to 20-fold higher 
than that affinity between ACE2 and SARS-CoV [29,30]. Genomic 
sequence of S-protein is really diverse among coronaviruses. This vari
ation in S-protein is related to S1 subunit, which consists of two parts: a 
receptor-binding domain (RBD) and N-terminal domain (NTD) [20]. S- 
protein has a polybasic cleavage site between S1 and S2 parts which 
leads to the acquisition of three O-linked glycans around the site. The 
adjacent predicted O-linked glycans and polybasic cleavage sites have 
not been found in any of the previous beta-coronaviruses and are unique 
to the SARS-CoV-2 [19,31]. Binding of the S-protein to the ACE2 re
ceptor and its proteolytic cleavage and integration with the membrane 
led to release viral RNA into the cytosol [31,32]. Unlike the S-protein, E 
and M proteins of SARS- CoV-2 have weak immune humoral responses, 
possibly due to their small molecular size and small ectodomines, which 
make them indistinguishable from immune cells [33]. One study found 
that transmitting serum from donors immunized with a viral vector 
expressing E and M protein did not provide any protection against 
coronary infection [34]. Because the neutralizing antibodies produced 
in COVID-19 patients are also more likely to be produced against S- 
protein epitopes, S-protein is a promising target for vaccination against 

the SARS-CoV-2 [35]. One of the important points in designing vaccines 
is knowing the isoelectric point. An isoelectric point (IEP or pI) is a pH 
value at which the net charge of a molecule or biomolecules is zero. 
Because the electrical repulsion and solubility are at a point lower than 
the pI, there is a greater tendency for precipitation and aggregation [36]. 
There is currently no accurate experimental data for isoelectric point of 
SARS-CoV-2, or its structural and nonstructural proteins. Using bioin
formatics tools such as Ex-PASy can give us an isoelectric point pre
diction [37]. These predictions are based on the amino acid sequence, 
and it should be noted that bioinformatics tools cannot take into account 
the post-translational changes that occur in the amino acid sequence of 
proteins [38]. The pI values of the three SARS-CoV-2 proteins (S, E, and 
M) that are important in vaccine design are 6.24, 8.57, and 9.51, 
respectively [39,40]. The pH changes directly affect the isoelectric point 
and cause precipitation or insolubility. In one study, the stability of 
SARS-CoV-2 in different environmental conditions, in the exposure of 
different disinfectants, and at different pH was evaluated. This study 
reported that SARS-CoV-2 is stable in a wide range of pH, i.e., pH 3-10 
[41]. Another item that is important in inactivating SARS-CoV-2 is the 
lipophilic or hydrophilic nature of the virus. SARS-CoV-2 has lipophilic 
properties due to its lipid envelope, so it allows lipophilic disinfectants 
such as aldehydes, proteases, phenolics, peroxides, alcohols, and de
tergents to penetrate [42]. However, it should be noted that the pene
tration of a substance into the virus does not necessarily cause the loss of 
the mechanism of nucleic acid replication and virus replication [43]. 
Properly inactivating SARS-CoV-2 is very important in making vaccines. 
For example, if SARS-CoV-2 epitopes are destroyed during inactivation, 
we may have a very weak antibody response and therefore the vaccine 
may not be very protective. Also, if the virus is not completely deacti
vated, the viral prevalence may happen after vaccination [44]. In gen
eral, different designs for SARS-CoV-2 vaccines are currently being 
developed by large companies and are undergoing various stages of 
preclinical and clinical trials [45–50]. Some of these vaccines are based 
on inactivated viruses or subunits of the virus, and others are based on 
nucleic acids, each of which has advantages and limitations over the 
others. One classification that can be considered for these vaccines is 
based on whether the vaccines exert their immunogenicity as soon as 
they enter the host body or whether processes such as protein translation 
are required. Accordingly, inactivated vaccines and nanoparticles con
taining S-protein stimulate the immune system upon arrival, but vac
cines based on nucleic acids and viral vectors must undergo the 
translation of nucleic acid into immunogenic protein within the host cell 
(Fig. 1). 

3. Different designs of SARS-CoV-2 vaccines 

3.1. Inactivated vaccines 

Inactivated vaccines are the fastest option for antiviral vaccines, 
which are traditionally obtained from virus-infected cells. This method 
was first invented in 1940 using embryonated eggs to produce the flu 
vaccine [51]. To date, various chemical and physical methods, including 
the use of formalin, formaldehyde, β-propiolactone and UV alone or a 
combination of these methods, have been used to inactivate coronavi
ruses [52,53]. Subunits of these inactivated viruses are commonly used 
to produce antibodies because the use of whole viruses increases the risk 
of reactogenicity. Tetanus and diphtheria vaccines are examples of 
subunit vaccines, and polio vaccine is a classic example of a whole killed 
virus vaccine [54]. Because these vaccines provide weaker immunity 
than live vaccines, the use of adjuvants is required to achieve an effec
tive and robust immune response [55]. Several inactive SARS-CoV-2 
vaccines are currently being developed rapidly (Table 1). A major 
problem in inactivating vaccines is the selection of the appropriate viral 
strain. In one study, it was reported that the CoronaVac inactivated 
vaccine with alum adjuvant had very acceptable neutralizing effects 
against the SARS-CoV-2 [56]. BBIBP-CorV is one of the inactivated 
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vaccines that is made in Wuhan Institute of Biological Products (Sino
pharm) and Beijing Institute of Biological Products, has passed the phase 
3 clinical trial. The results of one research have shown that this type of 
vaccine has been safe and tolerated in all tested doses and in two age 
groups. Humoral immune responses against SARS-CoV-2 were induced 
in all recipients of vaccine on day 42. Also, this study reported that two- 
dose immunization with 4 μg vaccine on days 0 and 21 or days 0 and 28 
achieved higher neutralizing antibodies titres than the single 8 μg dose 
or 4 μg dose on days 0 and 14 [57]. Although using of inactivated 
vaccines is one of the commonly immunization methods in worldwide, 
they also have drawbacks, for example, the use of aluminum hydroxide 
as an adjuvant has previously been linked to vaccine-associated 
enhanced respiratory disease (VAERD) [58]. However, so far no signs 
of VAERD have been noted in the performed SARS-CoV-2 clinical trials 
to date. Another concern with inactivated vaccines is their short im
munity period. Previously inactivated vaccines against SARS-CoV 
showed that antiviral IgG levels dropped rapidly 16 months after inoc
ulation [59]. 

3.2. Non-replicating viral vector vaccine 

The use of viral vectors first began in 1972 with recombinant DNA 
from the SV40 virus. Subsequently, the vaccinia virus was introduced as 
a transient gene expression vector in 1982 [60,61]. Among the types of 
virally vectored candidates for non-replicating SARS-CoV-2 vaccines, 
most of them are based on adenoviruses. Adenoviruses are two-stranded 
DNA viruses that are inactivated by deleting their E1A and E1B gene 

region [62]. These vaccines induce strong immune responses and 
enhance both humoral and cellular immunity. Enteric adenovirus type 
41 and adenovirus type 5 previously had been used against spike pro
teins of MERS-CoV, and acceptable immune responses, including both B- 
cell and T-cell responses, have been observed in vaccine recipients [63]. 
Adenovirus vectors are characterized by the easy growth of these viruses 
at high titers in cell lines, high expression of transgene, and great 
transduction effect, as well as a wide range of viral tropism [64,65]. 
Numerous clinical trials have been performed to evaluate the efficacy of 
adenoviral-vectored vaccines, some of which are listed in Table 1. The 
results of clinical trials showed that nonreplicating vector vaccines are in 
good immunogenicity and safety. Also, the induction of antibodies 
against S-protein was confirmed by enzyme-linked immunosorbent as
says (ELISA) in these studies [66]. One of the limitations of adenoviral- 
vectored vaccines is that most people have previous immunity to 
different strains of adenovirus (pathogens of upper respiratory infection) 
or they become immunized quickly after the first dose of vaccine [67]. 
For example, the results of a clinical trial based on Ad5vector-based 
HIV1 vaccine candidate failed due to patients’ prior immunity against 
the Ad5 vector [68]. In the first randomised controlled trial for assess
ment of the immunogenicity of a candidate non-replicating adenovirus 
type-5 (Ad5)-vectored COVID-19 vaccine, Zhu et al., demonstrated that 
is effective and safe, but they also reported that previous immunity to 
Ad5 and aging resulted in a slight decrease in vaccine efficacy in certain 
groups, especially in the case of hemorrhagic immune responses [69]. 
One way to overcome this problem is to use alternative adenoviral 
vectors such as Ad35, Ad26, and non-human adenovirus-derived vectors 

Fig. 1. Classification of common vaccines based on the translation process requirement for immunization.  
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Table 1 
Different types of SARS-CoV-2 vaccine candidates and their effectiveness.  

Vaccine type Vaccine type and 
immunogenic 

Vaccine 
name 

Developers Dose schedule Cold chain required 
for storage 

Efficacy Registry index Ref 

Inactivated 
vaccine 

– CoronaVac Sinovac Research and 
Development Co. 

3 μg of CoronaVac in 
0.5 ml of diluent (two 
doses - day 0, day 14) 

2-8 ◦C 

Brazil study: where the 
prevalence of p.1 variant was 
more than 75%: efficacy was 
50.7%, 83.7% and 100% 
against mild, moderate and 
severe infection, respectively. 
Turkey study: 83.5% in 18-59 
years old volunteers 
Chile study: 65.9%, 87.5%, 
90.3% and 86.3% against 
prevention of Covid-19, 
prevention of hospitalization, 
ICU admission and prevention 
of Covid-19 related death, 
respectively 

NCT04456595, 
NCT04582344, 
NCT04617483, INA- 
WXFM0YX 

[48,126–128] 

– BBIBP-CorV 

Beijing Institute of 
Biotechnology / China 
National Pharmaceutical 
Group Co. (Sinopharm) 

4 μg (two doses - day 0, 
day 21) 

2-8 ◦C 79% 
ChiCTR2000034780, 
NCT04560881. 
NCT04510207 

[57,129] 

– 
Not 
Reported 

Wuhan Institute of 
Biological Products / 
China National 
Pharmaceutical Group 
Co. (Sinopharm) 

Undisclosed quantity 
of dosage (two doses - 
day 0, day 21) 

2-8 ◦C – 

ChiCTR2000034780, 
ChiCTR2000039000, 
NCT04612972, 
NCT04510207 

[47] 

– 
BBV152 
(Covaxin) 

Bharat Biotech 6 μg (two doses - day 0, 
day 28) 

2-8 ◦C 81% CTRI/2020/11/028976  
[130,131] 

Non- 
Replicating 
Viral vector 
vaccine 

Non-Replicating Ad5 
vectored vaccine 
expressing the SARS-CoV-2 
full length spike protein 

Ad5-nCoV 

CanSino Biological / 
Beijing institute of 
biotechnology / 
Academy of Military 
Medical Sciences 

0.5 × 1011 vp (one 
dose) 

2-8 ◦C – 
NCT04526990, 
NCT04540419 

[69,132] 

Non-Replicating 
Chimpanzee adenovirus- 
vectored vaccine 
expressing the SARS-CoV-2 
full length spike protein 

AZD1222 
(ChAdOx1 
nCoV-19) 

AstraZeneca / Oxford 
University 

3.5-6.5 × 1010 vp (two 
doses - day 0, day28) 2-8 ◦C 

Half dose + standard dose: 90% 
Two standard dose: 62.1% 
Overall: 70.4%, Recent studies 
results: 
81.5% for non-B.1.1.7 variants, 
70.4% for B.1.1.7 variant and 
10.4% for B.1.351 variant, 
Single dose effectiveness 
against B.1.617.2 and B.1.1.7 
variants: 33.5% and 51.1%, 
respectively. 
Two dose effectiveness against 
B.1.617.2 and B.1.1.7 variants: 
59.8% and 66.1%, respectively. 

ISRCTN89951424, 
NCT04516746, 
NCT04540393, 
CTRI/2020/08/ 
027170 

[45,46,66,126,133–135] 

Non-Replicating rAd6 and 
rAd5 both of them carry 
the SARS-CoV-2 full length 
spike protein gene 

Gam-COVID- 
Vac (Sputnik 
V) 

Gamaleya Research 
Institute of 
Epidemiology and 
Microbiology/ Russian 
Ministry of Health 

1011 vp (two doses - 
day 0, day21) 

Two explanations: 
Frozen at -18 ◦C 
Lyophilized at 2-8 ◦C 

91.6% 
NCT04530396, 
NCT04564716, 
NCT04642339 

[136,137] 

Non-Replicating Ad26 
vectored vaccine carry the 
full-length spike protein 

JNJ- 
78436735 

Janssen Pharmaceutical 
Companies 

1011 vp (one dose) 2-8 ◦C 
66% against infection and 85% 
against severe-critical covid-19, 
against b.1.351 variant: 64% 

NCT04505722, 
NCT04614948,  
ISRCTN14722499 

[138–142] 

(continued on next page) 
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Table 1 (continued ) 

Vaccine type Vaccine type and 
immunogenic 

Vaccine 
name 

Developers Dose schedule Cold chain required 
for storage 

Efficacy Registry index Ref 

gene with two proline 
substitutions and two 
mutations at furin cleavage 
site 

(Ad26. 
COV2. S) 

against moderate disease and 
82% against severe-critical 
disease 

DNA vaccine 

SARS-CoV-2 spike protein 
gene was cloned into the 
expression vector 
pGX0001 

INO-4800 

Coalition for Epidemic 
Preparedness Innovation 
(CEPI), Inovio Pharmace 
ticals 

– 

can be stored for 4.5 
years at 2–8 ◦C, room 
temperature for 1 
year and 1 month at 
37 ◦C 

– 
NCT04336410, 
NCT04642638, 
NCT04447781 

[79] 

SARS-CoV-2 spike protein 
gene was cloned into the 
pVAX-1 plasmid 

ZyCoV-D Cadila pharmaceuticals 
limited 

– – – CTRI/2020/07/026352 [143] 

mRNA 
vaccine 

mRNA encoding the SARS 
CoV-2 full length spike 
protein (modified by two 
proline substitutions) 

BNT162b2 
Pfizer / BioNTech / 
Fosun pharma 

30 μg (two doses - day 
0, day 21) 

Stable at: -70 ◦C for 
up to 6-month, 2-8 ◦C 
for 5 days 

95% overall, 94.7% (>65 years 
old), Israel vaccination results: 
94%, Recent studies results: 
Single dose 80% 
Two doses 90%. 
In 12-15 years old adolescents: 
100% 
Single dose effectiveness 
against B.1.617.2 and B.1.1.7 
variants: 33.5% and 51.1%, 
respectively. 
Two dose effectiveness against 
B.1.617.2 and B.1.1.7 variants: 
87.9% and 93.4%, respectively/ 

NCT04368728 [49,92,135,144–147] 

mRNA encoding the SARS 
CoV-2 full length spike 
protein (modified by two 
proline substitutions) 

mRNA-1273 Moderna / NIAID 

100 μg of mRNA-1273 
in a volume of 0.5 ml 
(two doses - day 0, day 
28) 

Stable at: -20 ◦C for 
up to 6-month, 2-8 ◦C 
for up to 30 days, 
room temperature(8- 
25 ◦C) for up to 12 h 

94.1%, Recent studies results: 
Single dose 80% 
Two doses 90% 

NCT04470427 [91,94,144,146,148] 

Protein 
subunit 
vaccine 

Nanoparticle vaccine 
constructed from the Full- 
length spike protein with 
two proline substitutions 
and three mutations at 
furin cleavage site 

NVX- 
CoV2373 Novavax 

5 μg of SARS-CoV-2 rs 
+ 50 μg of Matrix-M1 
adjuvant (two doses - 
day 0, day 21) 

2-8 ◦C 

96.4% against non-B.1.1.7 
variants, 86.3% against B.1.1.7 
variant, 60% against B.1.351 
variant 

NCT04611802, 2020- 
004123-16 [50,149–152] 

Virus like 
particle 
vaccine 
(VLP) 

Plant derived VLP displays 
multiple copies of SARS- 
CoV-2 spike protein on 
their surface + adjuvant 

CoVLP 
Medicago/Glaxo Smith 
Kline (GSK) 

3.75 μg of CoVLP 
Vaccine adjuvanted 
with AS03 adjuvant 
(two doses - day 0, day 
21) each arm will be 
injected once 

– – NCT04636697 [153]  

H
. Fathizadeh et al.                                                                                                                                                                                                                            



International Journal of Biological Macromolecules 188 (2021) 740–750

745

that are less common in humans [70,71]. AstraZeneca, Johnson & 
Johnson, and sputnik V are among the non-replicating SARS-CoV-2 
vaccines that are being mass-produced by relevant companies and they 
are currently injecting in many countries (Fig. 2). 

3.3. DNA vaccines 

One of the reasons for the worsening of the infection in COVID-19 
disease is the imbalance in the production of different immune cells, 
so that the increase of CD3+ CD8+ T cells is associated with the decrease 
of CD14+ HLA-DR+ monocytes [72]. Therefore, the point that is 
considered in the design of vaccines is to produce an effective immune 
response without creating such an imbalance. On the other hand, these 
designed vaccines are able to not only activate cellular immunity, but 
also activate humoral immune responses by producing immunogenic 
substances and releasing them from the cell and detected by B-cell re
ceptors [73]. The first use of nucleic acids as a vaccine was about three 
decades ago, where DNA and RNA molecules expressing luciferase, 
chloramphenicol acetyltransferase, and beta-galactosidase genes were 
used to create immunogenicity in mouse. It was reported that the 
expression of these genes continued until two months after injection 
[74]. In general, DNA-based vaccines insert genes encoding an antigen 
into the host cells especially the antigen-presenting cells (APCs), using 
DNA plasmids as a vector. The mechanism of these vaccines is based on 
the principle that the genetic material delivered by them is located 

inside the cell nucleus. The mammalian promoter in the vector is then 
activated and transcription of the target genes is performed by the host 
cellular mechanism [75,76]. The method used to inject plasmid DNA 
into the cells is electroporation, which uses short electrical pulses to 
create temporarily and reversibly penetration into the cell membrane. 
This disruption of membrane allows large molecules such as plasmids to 
enter the cells. Using electroporation for plasmid injection can greatly 
increase the expression of the target protein [77]. The advantages of 
these vaccines are non-infectious, easy production in a short time, cost- 
effectiveness and stability. In addition, one of the benefits of DNA vac
cines is greater thermal stability, so these vaccines have less refrigera
tion requirements than mRNA vaccines [78]. In COVID-19 disease, 
injection of a DNA vaccine (INO-4800) consisting of a plasmid con
taining a N-terminal Ig E leader sequence that encoded the S-protein of 
SARS-CoV-2 in guinea pigs and BALB/c mice produced neutralizing 
antibodies against SARS-CoV-2 [79]. Genexine Company, which has 
previously published the results of its Phase1/2 clinical trials using of 
electroporation for Human papillomavirus (HPV) vaccination, has con
ducted phase 1 and 2 clinical trials against SARS-CoV-2. Recent research 
by this company has shown that vaccines containing DNA encoding 
whole S-protein (pGX27-S) or S-protein without S2 fragment (pGX27-S 
ΔTM), both induce the production of neutralizing antibodies, but 
pGX27-S ΔTM vaccine induces a higher antibody titer [80]. Several DNA 
vaccines against COVID-19 are currently in various clinical trials stages 
and no complete information of the efficacy percent of these vaccines 

Fig. 2. Different types of SARS-CoV-2 vaccine candidates and immune response to vaccines.  
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has been published so far (Table 1). 

3.4. mRNA vaccines 

The mRNA-based vaccines contain mRNA molecules that encode 
protein antigens. New vaccine designs with the great technological 
innovation are constantly evolving to improve the stability of mRNA 
molecules and efficiency of protein translation, which improved im
mune response [81]. One way to overcome the instability of the mRNA is 
to place mRNA molecules inside lipid nanoparticles, which these 
nanoparticle delivery carriers also act as adjuvants and induce B-cell and 
T follicular helper immune response [82,83]. Codon optimization also 
reduces the degradation of mRNA molecules and increases the expres
sion of coding antigens. In addition to, mRNA cap modification with 
synthesized anti-reverse cap analogs (ARCAs) increases translation ef
ficiency and also leads to long-term protein expression and mRNA half- 
life in cells [84–86]. In this type of vaccine, the mRNA molecule is 
injected directly into the host cell and translated into the target protein 
in the cytoplasm. The overall design of mRNA vaccines contains an open 
reading frame (ORF) with a 3′ poly-adenylated tail that can induce both 
cellular and humoral immune responses [87]. The mRNA-based vac
cines have advantages over other vaccines: a) There is no risk of infec
tion during vaccine production. b) Examination of mouse models has 
shown that repeated immunizations with mRNA-vaccines are associated 
with Long-term immunity in them. c) Since there is no require to enter 
the cell nucleus to the antigen expression, there is no possibility of 
insertional mutations creation in them [88]. So far, mRNA-based vac
cine technology has been used to produce vaccines against various in
fectious diseases, including Ebola, respiratory syncytial virus, influenza 
virus, and HIV [81,89,90]. One of the main candidates for the SARS 
CoV-2 vaccine (mRNA-1273-based vaccine) have been developed with 
collaboration the National Institute of Allergy and Infectious Diseases 
(NIAID) and Moderna. The mRNA-1273 molecule encodes the S2- 
protein antigen, which is made up of SARS-CoV-2 glycoprotein with 
the transmembrane anchor and an intact S1-S2 cleavage site [91]. This 
vaccine has gone through various approval stages and is now being used 
in most parts of the world. Pfizer and BioNTech have also developed 
several RNA-based vaccines that have been successful in clinical trials 
and are now being used in many countries [49,92]. These vaccines, like 
the Moderna vaccine, are embedded lipid nanoparticles (LNPs) and 
encode the membrane-anchored full-length S-protein (BNT162b2) and 
secreted receptor-binding-domain (BNT162b1) of SARS-CoV-2 [93]. 
BioNTech and Moderna vaccines also require booster doses to ensure 
high antibody titration and long-term safety. However, the response of 
the antibody to the receptor-binding domain in both vaccines showed a 
higher titer of antibody than in patients recovering from COVID-19 
[91,94]. One of the points about these vaccines is that the injection of 
these vaccines in the first dose caused a mild headache, chills, fatigue, 
and myalgia and in the booster dose caused moderate to severe systemic 
or local reactions in some patients [91,92,95]. A major advantage of 
nucleic acid-based vaccines is the short time required from the design of 
these vaccines to clinical trials. Therefore, testing these vaccines against 
various likely mutations that occur in the SARS virus is easily and 
quickly possible [96]. 

3.5. Protein subunit-based vaccines 

Another of the safe vaccines to fight SARS-CoV-2 are protein-based 
subunit vaccines. These vaccines are highly dependent on adjuvants to 
increase their immunogenicity. Peptides, like RNAs, are usually unstable 
and are therefore located within nanoparticles adsorbed onto adjuvants. 
Different S-protein subunits including RBD and RBD-Fc, and N-terminal 
domain of S-protein have shown different degrees of protection and 
immune responses in several animal models [97–100]. Process of pre
paring these vaccines is that the genes encoding the predominant anti
genic components of the virus are cloned and expressed in various 

expression systems such as bacterial cells or mammalian cells, and then 
purified. These recombinant products are used to make stable vaccines 
[54]. In previous researches, S1 subunit vaccines for SARS-CoV pro
duced from baculovirus Spodoptera frugiperda (Sf9) insect cell with 
saponin adjuvant showed a reduction in lung viral titer in young mice 
and using protollin adjuvant showed a reduction in lung viral titer in 
aged mice after injection [101,102]. Type of adjuvant can alter the ef
fects of the vaccine, and sometimes the use of several adjuvants in 
combination can have synergistic effects on the level of immune 
response. For example, Lan et al. showed that the use of RBD subunit 
vaccine with alum and cysteine-phosphate-guanine (CpG) oligodeox
ynucleotides (ODN) as the adjuvant against MERS-CoV induced much 
stronger humoral and cellular immune responses [100]. Several SARS- 
CoV-2 vaccine candidates, including a recombinant S-protein 
expressed in different cell lines, are currently being developed and used 
[103]. Among these candidates for the SARS-CoV-2 subunit vaccine, 
their leader is NVX-CoV2373, which is produced by Novavax and has 
gone through various stages of clinical trial (Table 1). Production of this 
protein is done in the sf9 expression system of and the adjuvant used for 
it is Novavax's Matrix-M1 [50,104]. This vaccine contains a recombinant 
full-length spike glycoprotein that has been engineered to resist pro
teolytic degradation and has a high binding to ACE2 receptors [50]. 
Among the advantages of these vaccines are their safety and cost- 
effectiveness, and their limitations include the need for adjuvants in 
order to uptake of more protein into host antigen presenting cells and 
producing a long-term immune response [99]. 

4. SARS-CoV-2 vaccines challenges and considerations 

Despite the efforts of scientists and researchers around the world to 
advance the production of effective vaccines against SARS, there is still 
much to be discovered that can be used to improve the quality and 
effectiveness of vaccines and to overcome the limitations of current 
vaccines. One of the important points that impair the efficiency of 
COVID-19 vaccines is the occurrence of mutations in the genome 
sequence of SARS CoV-2 virus. Although the variety of mutations that 
have occurred so far is not very large, but the high transmission power 
and global spread of the virus can cause the phenomenon of natural 
selection to act on certain mutations [105–108]. Recognition of muta
tions in coding and non-coding sequences and genetic diversity of the 
virus is essential for the development of vaccines with long-term efficacy 
[21,109]. Another challenge for SARS CoV-2 vaccines is immunization 
programs and how to use the vaccines. Almost all available vaccine 
candidates have been delivered to recipients in clinical trials via intra
dermal or intramuscular route. The question is whether the antibodies 
produced in the blood reach the lungs and can work there. One method 
of vaccination that has been considered is mucosal vaccination, which 
may be effective in inducing an immune response in the mucosa and 
preventing the transmission of the virus to the respiratory tract and 
lungs [110]. In addition, each of these vaccine candidates has their own 
challenges and limitations, for example, previous immunity to adeno
viruses is a concern for vaccines that use the virus as a carrier, as it may 
reduce the immune response [69]. Therefore, in the design of some of 
these vaccines using genetic engineering, an attempt has been made to 
use a modified chimpanzee-derived adenovirus [66]. In the case of 
mRNA-based vaccines, there is the problem of temperature-sensitive 
lipid nanoparticles containing mRNA and their limitations for produc
tion in large scale [92]. In DNA vaccines, the use of electroporation to 
deliver the vaccine to recipients increases the immune response, but this 
technology has made the use of these vaccines difficult and complicated 
[111]. There is also risk of vaccine-enhanced disease for inactivated 
vaccine candidates, specially vaccine-associated enhanced respiratory 
disease (VAERD), that needs to be considered [112,113]. Since antibody 
dependent enhancement (ADE) has always been a risk factor for vac
cines of other coronaviruses, this should also be considered for the SARS 
CoV-2 vaccine candidates [114]. Although ADE phenomenon is more 
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common in the case of Favivirus and some feline coronaviruses, if it 
occurs in the case of the SARS-CoV-2 vaccines, nucleic acid-based vac
cines can quickly adopt solutions such as engineering or removing the 
motifs responsible for generating ADE from the vaccine antigen 
[115,116]. Given the re-infection observed in patients who had recov
ered from the COVID-19, this uncertainty about long-term protection for 
vaccines is also raised. Ideally, vaccines should provide long-term im
munity, but based on experience with influenza vaccines, vaccination 
against SARS CoV-2 can be repeated annually [94,117]. Despite all the 
efforts and hopes for the vaccine, attention should not be diminished 
from trying to find effective drugs that reduce COVID-19 infection 
[114]. Another common concern about vaccines is that because vaccine 
candidates are tested on the certain numbers of a population in country 
of manufacture of the vaccine, it may have unknown effects when used 
globally that have not been seen in previous experiments. In addition, if 
not all population groups, including the elderly, young, special patients, 
and immunocompromised individuals, are not considered in the initial 
vaccine research, unwarranted side effects may occur during general 
and universal use of the vaccine in these groups [118]. The issue of 
political pressures to speed up the production process and approval of a 
vaccine may reduce the accuracy of the various stages of vaccine pro
duction, and ultimately make a vaccine available to the public with low 
efficacy or unexamined side effects [119]. In addition, if a vaccine re
ceives the necessary approvals and reports a high percentage of efficacy 
in preclinical and clinical trials, but when used publicly in the popula
tion, it does not have the desired effect as expected, it erodes confidence 
in the vaccine. As a result, fewer people accept the vaccine, which will 
make the pandemic worse. Therefore, it is very important to build trust 
and establish effective communication between the people and the 
public health system and to provide transparent reports on vaccines 
[120]. One of the challenges of vaccination is the issue of inequality in 
the distribution and injection of vaccines. As this challenge has affected 
many people life around the world, especially in poor and less developed 
countries. In this regard, bollyky and bown chose the term “vaccine 
nationalism” to describe this tragedy [121]. Factors that have led some 
countries to turn to vaccine nationalism, stockpiling vaccines to priori
tize rapid access to their citizenry, include intense public and political 
pressure and fears of declining immunity in their country [122]. Indeed, 
the bitter fact that developed countries continue to sign agreements with 
the world's largest pharmaceutical companies to purchase vaccines at 
prices that are not possible for most countries, and to buy and store 
vaccines more than their requirements, is a confirmation of the issue of 
vaccine nationalism. As a result, developing countries face acute prob
lems in obtaining vaccines [123–125]. Raising the issue of vaccine 
nationalism once again exposed the bitter reality of the lives of the 
world's poor, who are constantly deprived of basic human rights, and 
justice in general. While the existence of these inequalities has raised 
concerns about the continuation of the COVID-19 pandemic, a series of 
short- and long-term reforms are underway to overcome this inequality. 
Due to this unfortunate fact, one of the concerns of some organizations 
such as the People's Vaccine Alliance, was that almost 70 lower-income 
countries would only be able to vaccinate 10% of their population, so 
COVAX, a part of a set of initiatives by the International Public Health 
Organization to accelerate the development and equitable distribution 
of health products, provided millions of doses of the vaccine for over 92 
registered countries. However, these doses cannot fully cover the in
ternational need [121]. 

5. Conclusion 

COVID-19 disease has been a serious threat to global health for more 
than sixteen months, and there is no definitive cure for it, and it is still 
associated with a high mortality rate worldwide. Researchers around the 
world have decided to develop effective vaccines to prevent the virus. To 
date, various vaccines have been produced with very high efficacy and 
are being used worldwide. Pfizer, BioNTech, Novavax, BBIBP-CorV, 

AstraZeneca, and Sputnik V vaccines with acceptable efficacy are 
including the most common vaccines against SARS CoV-2. Despite all 
this, there are still many ambiguities about vaccines. How long the 
immunity created by the vaccine lasts, whether the immunity developed 
after the infection is different from the immunity resulting from the 
vaccination, whether the general vaccination reduces the spread of the 
virus, do vaccines work the same in different populations and many 
other questions are still unanswered. In general, more studies are needed 
to determine the efficacy and safety of each vaccine, as well as the 
duration of immunization. While vaccines are now being given rapidly 
around the world, and many people hope to be able to return to normal 
life with these vaccines, even vaccine recipients are advised to follow the 
principles of preventing the transmission of the SARS CoV-2, including 
social distance and wearing a mask. With current evidences, all provided 
vaccines will help us to conquer this pandemic but developing general 
vaccines again all corona viruses and changes in study protocols to ease 
vaccine development in future pandemics are needed. 
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